Six stations along Tigris river in Baghdad region were chosen to collect and assess the Mn, Ni, Pb, Cu and Cd contamination in sediments by using pollution load index (PLI) and geo-accumulation index (I-geo). Cd was found at the lowest concentration ranged between 0.3-1.3 µg/g dry weight. Whereas, Mn was the highest ranging between 166 -426 µg/g dry weight.
Introduction
In the recent past, there have been increasing interests regarding heavy metal contaminations in the environments, apparently due to their toxicity and perceived persistency within the aquatic systems (1) . There are basically three reservoirs of metals in the aquatic environment: water, sediment and biota (2) . The analysis of river sediment is a useful method of studying environmental pollution with heavy metals (3, 4) . Heavy metals accumulate in the sediments through complex physical and chemical adsorption mechanisms depending on the nature of the sediment matrix and the properties of the adsorbed compounds (5) .
The occurrence of elevated concentrations of trace metals in sediments found at the bottom of the water column can be a good indicator of man induced pollution rather than natural enrichment of the sediment by geological weathering (6) . The assessment of sediment enrichment with elements can be carried out in many ways. The most common ones are the index of geo-accumulation (I-geo) and pollution load index (PLI). The I-geo has been widely utilized as a measure of pollution in freshwater sediment (7) , while the pollution load index (PLI) represents the number of times by which the heavy metal concentrations in the sediment exceeds the background concentration, and gives a summative indication of the overall level of heavy metal toxicity in a particular sample (8) . Concentrations of metals in sediment of the Iraqi waters have been documented by (9, 10, 11, 12 and 13) . This study can be considered the first attempt to evaluate the heavy metals pollution in sediments of Tigris River sediment by using pollution load index and geoaccumulation index.
Description of study area
Tigris river is one of the most important twin rivers in Iraq, sharing with Euphrates river as the main sources for man use, especially for drinking water since they cross the major cities in the country. Tigris is nearly 2000 km long, of which 1360 km runs through Iraq, rising in the Taurus mountains of eastern Turkey and flowing in a generally southeasterly direction until it joins the Euphrates near in southern Iraq. From north to south, five tributaries drain into the river: the Khabour, Greater and Lesser Zap, Adheym and the Diyala. All these tributaries, with the initial force provided by steep slopes, carry their erosion products into the plain, where they join the Euphrates (14) . The Tigris river is heavily dammed in Iraq and Turkey, to provide water for irrigating the arid and semi-desert regions bordering the river valley. Damming has also been important for averting floods in Iraq. Recent Turkish damming of the river has been the subject of some controversy, both for its environmental effects within Turkey and its potential to reduce the flow of water downstream. In the present study six stations were chosen from Tigris river in Baghdad (Fig.(1) ), these were, station 1 (Al-Tarmiyah), station 2 (Al-Adamiah city), station 3 (Al-Utafiah), station 4(Al-Jadiriah), station 5 (Al-Rasheed) and station 6 (Al-Zafaraniah).
Materials and Methods

 Sampling
Samples of sediments were taken from six stations (covering the Tigris river in Baghdad region) during May and September 2008 which corresponds to low and high level of water discharge seasons. The River sediment samples were collected by using clean plastic scoop and stored in polyethylene bags. The concentrations of Mn, Ni, Pb, Cu and Cd were determined in all samples using Atomic absorption Spectrophotometer (Perkin-Elemer model 5000) with standard solutions in a similar manner to that described by Smith et al. (15) and Abaychi & Douabul (16) .
 Sediment pollution indices
The geo-accumulation index (I-geo) and pollution load index (PLI) were employed to assess the pollution of metals in the sediment of Tigris river.
Geo-accumulation index (I-geo)
Geo-accumulation index was determined by the following equation according to Müller (17) which was described by Boszke et al (18) .
I-geo = log 2 (Cn / 1.5 Bn) where, Cn = Measured concentration of heavy metal in the Tigris sediment. Bn = Geochemical background value in average shale (19) of element n. The factor 1.5 is used for the possible variations of the background data due to lithological variations.
I-geo was classified into seven grades: I-geo ≤ 0 (grade 0), unpolluted; 0< I-geo ≤1 (grade 1), slightly polluted; 1 < I-geo ≤ 2 (grade 2), moderately polluted; 2< I-geo ≤3 (grade 3), moderately severely polluted; 3< I-geo ≤4 (grade 4), severely polluted; 4< I-geo ≤5 (grade 5), severely extremely polluted; I-geo > 5 (grade 6), extremely polluted (17).
The Pollution Load Index (PLI)
The Pollution Load Index (PLI) is obtained as concentration Factors (CF). This CF is the quotient obtained by dividing the concentration of each metals. The PLI of the place are calculated by obtaining the n-root from the nCFs that were obtained for all the metals. With the PLI obtained from each place (20) . Generally pollution load index (PLI) as developed by Tomlinson et al (21) , which is as follows: CF = C metal / C background value PLI= n √(CF1xCF2xCF3x…xCFn)
Where, CF = contamination factor, n = number of metals C metal = metal concentration in polluted sediments C Background value = background value of that metal.
The PLI value of > 1 is polluted, whereas <1 indicates no pollution (22) .
The world average concentration of Cu (45 µg/g), Ni (68 µg/g), Mn (900 µg/g), Pb (20 µg/g), and Cd (0.3 µg/g) reported for shale (19) were considered as the background value.
Results and Discussion The metals concentration
The concentrations of heavy metals in sediments are varied according to the rate of particle sedimentation, the rate of heavy metals deposition, the particle size and the presence or absence of organic matter in the sediments (23) . The concentration of Mn, Ni, Pd, Cu and Cd in Tigris sediments observed in this study ranging between 166 -426, 6 -30, 7 -90, 5-55 and 0.3-1.3 µg/g dry weight sediment respectively. These values were similar to that reported in Tigris river except Cd which was higher in the present study (9, 11) . Mn recorded high concentrations when compared with other studied metals (Table (1) ).This may be due to the high concentration of this metals in suspended solids. Gessey et al (24) stated that heavy metals react readily with suspended particulate matters and through sedimentation processes, accumulate in bottom deposits. Letters differed in vertical rows refer to significant differences. Results of statistical analysis showed that concentrations of metals in sediment increased in southern stations inside Baghdad area (Table (1)) , this may be attributed to the increase of industrial activities in this region. The major source for the metal contamination in rivers is the industrial effluents near this rivers, as well as the transport of small fraction of sediment downstream due to the river velocity contributes to the accumulation of heavy metals in lower parts (6) .
Comparing the concentration of metals in sediment between high and low discharges period, it seemed that the concentration is more in low discharge (except Mn) than high discharge period, and this may be due to the dilution factor related to the high discharge in May (12) .
According to the correlation coefficient results a very high positive correlation with a very significant probability (P ≤ 0.01) was observed between Cu/Cd, Pb/Cu, Cd/Pb and Cu/Ni. A high correlation (P ≤ 0.01) was also noticed between Cd/Ni and Pb/Ni.
geo-accumulation index
The geo-accumulation index is a quantitative measure of the degree of pollution in aquatic sediments (25) . It consists of seven grades ranging from unpolluted to very extremely polluted. Table ( 2) presents the geo-accumulation index for the quantification of heavy metal accumulation in the study area. The I-geo grades for the study area sediments varies from metal to metal and site to site (across metals and sites). Manganese, Nickle and Cooper remain in grade 0 (unpolluted) in all stations suggesting that the study area sediments are in background value with respect to this metal. The I-geo for Pb and Cd attain grade 0 in station 1 and station 2 (unpolluted), while, attain in grade 1 in other stations which indicates that sediments of these stations were slightly polluted by Pb and Cd.
The I-geo showed that all heavy metals are in grade 0 and grade 1 (Table (2)). This suggests that the sediments of Tigris river are having background concentrations for Mn, Cu, and Ni, and these elements are practically unchanged by anthropogenic influences, while the concentration of Pb and Cd exceeded the average shale value. These dangerous metals may be derived from industrial waste and gasoline additives used, in the factories and cars (26) . These elements may also be derived through corrosion of the numerous abandoned launches along the river and agricultural activities.
Pollution load index
Pollution severity and its variation along the sites was determined with the use of pollution load index. This index is a quick tool in order to compare the pollution status of different places (27) .
Results of the present study show that the CF values of most of the metals such as Mn, Cu, and Ni in the study area are low (<1) ) (Table ( 3)) were found to be generally low (<1) in all the studied stations. The difference in indices results due to the difference in sensitivity of these indices towards the sediment pollutants (28) . These confirmed that Tigris river is facing probable environmental pollution especially with dangerous heavy metals (Pb and Cd) which result from increased rate of non-treatment industrial waste which are discharged to Tigris river. 
